The existence of significant bacterial populations in deep subseafloor sediments has been established over the last decade through the analysis of samples obtained from the Ocean Drilling Program (ODP). To date, core material analyzed for a range of microbiological studies has been obtained either using advanced piston coring (APC) or extended core barrel (XCB) technology and thus has been restricted to softer sediments.
INTRODUCTION
In just over a decade, the existence of significant bacterial populations in deep subseafloor sediments has been established . This has been largely discovered through the analysis of samples obtained from the Ocean Drilling Program (ODP) ( Table T1) . In most cases, microbiological analysis was restricted to enumeration of the total bacterial population in small (≤5 mL) subsamples of sediment. To date, more than 1200 such samples have been analyzed. These data show that bacterial distributions in deep marine sediments generally decrease rapidly with increasing depth and conform to the model of Parkes et al. (1994) , although they vary with the oceanographic setting .
On four previous occasions, a far more detailed program of microbiological analysis has been conducted on intact whole-round core (WRC) samples. Subsampling was conducted with modified (luer end removed) sterile plastic 5-cm 3 syringes under anaerobic and sterile conditions, inserted vertically into the WRC. Potentially contaminated sediment near the original core liner was not sampled, and insertion of sterile plugs to replace the removed sediment prevented the core from collapsing and the possible introduction of sediment from next to the liner . The syringe subcores were sealed with a suba seal and then processed further. This included injection and incubation with radiotracer, which enabled activity measurements to be conducted on intact and minimally disturbed cores . These techniques were employed in four detailed investigations, which studied microbiological populations and processes at the Peru Margin (Leg 112 [Parkes et al., 1990] ), Japan Sea (Leg 128 [Cragg et al., 1992b] ), Cascadia Margin (Leg 146 ), and Blake Ridge (Leg 164, ). Data included total bacterial populations; specific types of culturable bacteria; potential rates of sulfate reduction, methanogenesis from hydrogen/carbon dioxide or acetate; thymidine incorporation; methane oxidation; and the enrichment and isolation of unique new organisms (Bale et al., 1997; Barnes et al., 1998) . The core material analyzed from all these previous legs was obtained either using advanced piston coring (APC) or extended core barrel (XCB) technology.
A range of data (see review ) suggests that bacteria will be present much deeper than samples currently analyzed (750 meters below seafloor [mbsf] ), and further investigation will require sampling and analysis of more indurated sediments. These indurated sediments are typically obtained using rotary core barrel (RCB) technology. Unlike APC and XCB cores, RCB core samples have variable outer diameters and do not fit tightly in the plastic core liners used by ODP. Thus, there is considerable potential for contamination of the outer layers of the sediment core and exposure to oxygen during coring, recovery, storage, and subsequent handling. Several problems prevent syringe subsampling of indurated RCB core sam-T1. Previous ODP/DSDP microbiological investigations, p. 10.
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ples. The sediment is too hard, and the force required to insert the syringes can split the syringes. The sediment tends to collapse during subcoring, as it is not supported by the core liner, with the probability of outer contaminated sediment being mixed into the sample. The hardness of the sediment in the syringe subcores makes it difficult to accurately inject the radioisotope because of difficulty in inserting the microsyringe needle. In addition, low porosity causes pressure to build up during injection, causing the isotope to leak out after injection and/ or the microsyringe to leak. A completely new sampling procedure had to be devised to overcome these difficulties. Homogenization of the sediment and the use of sediment slurries seemed the only realistic way forward, and this approach has been used for most other deep microbiological investigations (Chapelle and Bradley, 1996; Fredrickson and Phelps, 1997; Jones et al., 1989; Kotelnikova and Pedersen, 1998; Krumholz et al., 1997) . Homogenization of the sediment means that it was even more important to remove the potentially contaminated and partially oxidized outer surface layer of the RCB core. It is also desirable to remove the outer layer of the core prior to subsampling for microbiological analysis. We decided to devise a system to do this using a hydraulic cutter, which would avoid the serious risk of cross-contamination of the inner core when manual scraping/paring is used to remove the outer layer (Fredrickson and Phelps, 1997) . In addition, hydraulic subcoring should be much quicker than manual paring and reduce exposure of these anaerobic cores to trace oxygen or hydrogen when in glove bags. Leg 180 was the first ODP cruise in which RCB indurated sediment samples were analyzed for a suite of microbiology studies (bacterial numbers, activity, and enrichments).
METHODS

Shipboard Sampling and Handling
Twenty-six WRCs were taken for microbiological analysis at two sites (1109 and 1115) on the northern margin of the spreading tip in the Woodlark Basin extension system (Taylor, Huchon, Klaus, et al., 1999) . Ten of these cores were obtained using rotary drilling.
Whole-Round Cores
All samples were taken from 25-cm WRCs for measurement of potential bacterial activity and estimation of viable bacterial numbers. The WRC samples were taken using a sterile cutting rig , flushed with sterile oxygen-free nitrogen (OFN) to maintain anaerobic conditions, and sealed with sterile core end caps. Capped WRCs were stored in gas-tight anaerobic bags (Cragg et al., 1992a) in the ship's cold room at 4°C and transported back to the laboratory in insulated trunks containing wet ice and ice packs. The samples remained cold throughout transportation.
Laboratory Sample Handling
APC and XCB Cores
All sample handling was performed under aseptic anaerobic conditions . WRCs were cut into 5-cm sections, from each
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of which ten 5-cm 3 syringe subcores were removed for radiotracer activity measurements and one 5-cm 3 syringe subcore for most probable number viable counts. Syringe subcores were taken from the center of the WRC, avoiding sediment near the core liner to avoid the possibility of contamination.
RCB Cores
A special cutting rig was constructed to obtain a sterile subcore from the center of the RCB core under anoxic conditions (Fig. F1) . The RCB core was removed from the core liner in a laminar flow cabinet and the potentially contaminated end of the core removed (~2 cm) with a sterile stainless steel cleaver. The core was supported in an expandable glass-reinforced nylon "corset" and transferred to the sterile cutting rig. To accommodate the varying core diameters produced by rotary coring, a range of expandable corsets of glass-reinforced nylon were produced with varying inner diameters but constant outer diameters to fit in the supports. Each corset was designed to expand up to 4 mm (e.g., 55-59, 60-64, and 65-69 mm).
The whole cutting rig system was enclosed within a presterilized nylon bag filled with OFN to maintain sterile anoxic conditions. A hydraulic pump (maximum = 2 tonnes) was used to force the core through a sterile stainless steel cutting shoe (diameter = 40 mm) with the central subcore extruded into a (double lined) sterile nylon bag. At the end of the extrusion process, the last ~2 cm of potentially contaminated core remained in the cutting shoe. The double-layer nylon bag containing the sterile subcore was removed from the rig and sealed with a heat sealer. The sterile subcore was then transferred to a laminar flow cabinet in its sealed sterile nylon bag.
Unlike APC/XCB core samples, RCB samples were too hard to use intact core techniques (e.g., those described by Parkes et al., 1995) . Instead, the material was powdered and slurried. The subcored material was carefully crushed with stainless steel hammers while remaining in its bag. The double thickness of the bag prevented holes from developing in the outer bag as a result of abrasion during the crushing process. The resulting fine powder was slurried (25% v/v) with a sterile nutrientfree mineral salts solution (Wellsbury et al., submitted [N1] ). Microbiological data from these sites are published in detail elsewhere (Wellsbury et al., submitted [N1]).
RESULTS AND DISCUSSION
In general, the cutting rig worked well on the indurated sediments from Sites 1109 and 1115, although there were some minor problems. For example, extreme care must be taken to avoid possibly splitting the double nylon collector bags during the core-crushing process. In addition, the process was relatively slow, which could lead to problems in changes in sample temperature, particularly in samples from hot sediments. Autoclaving the stainless steel assemblies took a relatively long time, so the turnaround time (>~2 hr) before further samples could be handled was limited. However, the RCB-cored material from Leg 180 was sufficiently friable to effectively disperse within the mineral salts solution after stirring for ~1 hr. Work is under way to refine this prototype system to overcome the minor problems detailed above.
Other authors have noted the importance of not only removing potential contamination in outer layers but also handling samples quickly to limit exposure to oxygen. Rochelle et al. (1994) used a molecular genetic approach to investigate the effects of sample handling on bacterial communities in an APC sediment core from the Japan Sea (Leg 128). They demonstrated that the composition of the bacterial community in the outer layer, which had been exposed to air during handling, was markedly different to that contained in the pristine core center and was dominated by aerobic bacteria. However, contamination checks carried out during Leg 185 (Plank, Ludden, Escutia, et al., 2000; Smith et al., 2000) demonstrated that APC cores and the interior of RCB cores were not contaminated by fluorescent microbeads during the drilling and core recovery process. The samples from the Woodlark Basin are the deepest samples ever analyzed for microbial populations (842 mbsf) and activities (800 mbsf). Bacteria were present in both Sites 1109 and 1115 to depths of 746 and 801 mbsf, respectively (Taylor, Huchon, Klaus, et al., 1999) . Total bacterial populations, culturable bacteria, and bacterial activities (sulfate reduction, methanogenesis, and thymidine incorporation) generally decrease with increasing depth (Table T2 ) (Wellsbury et al., submitted [N1] ). The presence of culturable bacteria and realistic potential anaerobic bacterial activity rates in samples from RCB cores obtained from these sites (Table T2) shows that the sample handling technique preserved the anoxia of the core with no evidence of contamination.
Implications of the New Technique
Although total bacterial populations decrease with increasing depth, the rate of decline does not steepen in deeper layers. This indicates that bacteria should be present much deeper than the depths currently analyzed . The effective analysis of RCB core material will be essential for investigating the microbiology of deeper, and more consolidated, sediments than previously possible. In addition, experimental evidence has shown that the reactivity, and hence bioavailability, of buried organic matter increases with temperature (Wellsbury et al., 1997) . As temperature increases with depth, this increasing bioavailability provides a mechanism for sustaining bacteria in deep formations. Furthermore, further additional bacterial substrates (e.g., acetate and H 2 ) are produced by thermal alteration of buried organic matter at higher temperatures (>80°C) (Cooles et al., 1987) . As bacteria can live at temperatures up to 113°C (Stetter, 1996) , in sediments with a typical thermal gradient of 30°C/km they can potentially be present to ~4 km depth. Thus, the investigation of deeper, more indurated samples is essential for further deep biosphere research. The new core handling approach described here is an important development for analyzing these deeper sediments.
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